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ABSTRACT 


Destructive  dynamic  loud  tests  were  conducted  on  specimens  of  <*r*j>pi*r- 
nfkcl  pipe  joined  lo  bronze  enuplings  by  (Jrndc  III  silver-briizo  nlloy  bonds. 

The  bond  areas  i«>d  from  !)  to  Hfi  percent  of  f loial  surfaces  available  for 
bonding. 

F.very  fuiltiro  or*  iirred  it*  tin  liond.  ('racking  of  tin*  coupling  sometimes 
accompanied  ootid  failure.  In  no  was  there  rupl tir<*  of  the  pipe.  Sinct'  many 

joint  failures  apparently  won*  i nfl ii«*n«  l»y  n  coupling  geometry  with  abrupt 
changes  111  **r«»s.«  section.  a  modified  coupling  design  is  poqiosod. 

The  dynamic  forces  required  to  prodti'-o  failure  of  silver- brazed  jo i -  *s 
having  less  than  10  p«*rcent  liond  were  considerably  smaller  than  static  failure 
loads  in  tests  conducted  elsewhere  on  similar  specimens.  For  joints  with  more 
than  about  (it)  percent  bond,  the  dynamic  force  values  were  of  the  same  magni¬ 
tude  as  the  static  loads. 

Joints  having  more  than  00  percent  bond  failed  only  after  considerable 
elongation  of  the  pipe.  For  sufficiently  great  initial  dynamic  force,  joint  fail¬ 
ure  occurred  immediately:  otherwise  two  or  more  loadings  were  required.  Im¬ 
pact  velocities  associated  with  joint  failures  ranged  from  nbout  1.0  to  about 
:11  .ps. 

It  appears  that  the  current  practice  of  rejecting  joints  having  less  than 
(10  percent  bond  is  justified  for  dynamic  loading. 

ADMINISTRATIVE  INFORMATION 

These  tests  were  recommended  to  the  Bureau  of  Ships  by  letter  from  the 
David  Taylor  Model  Basin  (Serial  T-:?!)2  of  4  October  IDti.’l).  The  wer";  was  under¬ 
taken  as  Task  3971  of  Project  S-F()ld  10  01. 

INTRODUCTION 

Dynamic  load  tests  of  representative  shipboard  type  silver-brazed  pipe  connections 
were  conducted  at  the  David  Tnylor  Model  Basin  after  sii ver-brnzed  pipe  joint  bonds  had 
failed  in  service  during  shock  tests  of  operating  ships.  The  data  indieated  that  these  joints 
had  low  bond  percentages,  that  is.  the  silver-hraze  bonds  covered  areas  which  were“snmll  in 
comparison  with  the  total  surfaces  available  for  bonding. 

The  basic  objective  of  the  investigation  was  to  find  a  relationship  between  joint 
strength  under  dynamic  loading  and  bond  percentage. 


Two  series  of  hv-i.-  won*  earned  mu.  Tin-  « ni i i :i  1  •  *r "m •  was  designed  m  «:«-i**ru me 
t h* *  dynamic  strength  of  joints  (with  less  limn  til)  percent  bond)  similar  in  ilm-e  who-h  bed 
fated  in  son  in*.  Tin*  later  l « v*t  wore  devoted  in  joints  having  bonds  (»;:*.  to  *>.’>  p.-r*  •  :j 
covering  inon*  than  tin*  minimum  minim!1  proportion  of  tin*  available  bonding  num. 

\  tonsili*  ti'si  subject ing  tin*  hrn/.ed  joint  between  pipe  and  coupling  to  ;i  d> name- 
-hear  form*  was  arranged.  It  was  i»\p«»«'l i*d  tiini  this  loading  would  In*  r**prosontnt iv «•  ol  u 
-even*  shipboard  shock  condition  and  should  pro\  id<*  useful  dntn  for  determining  tlo*  dv  namo* 
strength  of  tin*  connection. 

To  provide  a  liasjs  for  evaluating  the  strength  of  the  joint,  a  criterion  of  performance 
w  a -  reiptired.  In  consonance  with  current  practice. 1  it  was  postulated  that  tie*  Imnd  -i  aid 
not  fail:  i.e..  tin*  Imnd  in  a  joint  must  lie  capable  of  developing  the  ultimate  -irongth  of  the 
w i •  a h e » t  connecting  pipe  or  filling. 

DESCRIPTION  OF  TESTS 

DROP  VEHICLE 

\  drop  veiiicle  was  constructed  specifically  lor  these  tests,  Spet  imer,-  w**re  pre¬ 
pared  for  testing  by  the  attachment  of  two  retainin'*  fiances.  One  flange  vv si-  attached  ;<,  1; 
weight.  tin*  other  to  the  removable  top  of  the  vehicle.  The  assembly  was  lowered  -into  tin* 
vehicle  and  the  top  bolted  down:  details  of  the  test  arrangement  tin*  given  in  Figures  !  arid 
Sufficient  clearance  "a*  provided  below  the  suspended  weight  to  preelrde  its  contact 
with  the  bottom  o'  the  t  vehicle  while  the  specimen  was  intact. 

For  each  test,  the  drop  vehicle  was  raised  a  known  distance  and  dropped  onto  an  im- 
pact  plate  by  tripping  an  el.-.-trie  release  mechanism  (Figure  2).  Fpon  impact,  the  specimen 
v>. a-  subjected  to  a  tensile  dynamic  force  equal  to  the  product  of  the  suspended  mess  and  its 
acceleration.  The  dynamic  tensile  force  in  the  pipe  was  transferred  into  the  coupling  prima* 
niv  by  means  of  shearing  force  in  tin*  bond.  If  joint  failure  did  not  occur,  the  suspended 
mass  oscillated  with  a  characteristic  frequency  which  depended  mainly  on  the  stiffness  of 
th<*  specimen  and  the  magnitude  of  the  suspended  mass,  since  the  vehicle  was  several  times 
heavier  and  suffer  than  tin*  weighted  specimen. 

TEST  SPECIMENS 

The  Mare  Island  Naval  Shipyard,  which  had  been  fabricating  similar  specimens  for  a 
-'••r:es  of  static  strength  tests.  -  furnished  :5d  specimens  together  with  information  on  the 
percentage  of  bond  in  each  joint.  The  specimens  consisted  of  70-30  eopper-nickel  pipe-' 
and  bronze  couplings’*  c  joined  with  tirade  III  silver- braze  alloy. ’’ 
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Uifletvnctn  urc  listed  on  pa^r  27. 


Nineteen  I-in.  ami  •••in.  -penmen -  were  (*•:■* ii*t|  in  rru<*i i*im.  fieomeirir  'lain 

hi:  i lit*  specimens  uri*  given  m  Tiilili*  I.  Tin’  Iminl  nif«*  of  «*itc*li  joint .  a-  »l«*r (•rm i 

ti\  ultrasonic  inspect inn  at  Marc  Island  Naval  Shipyard.  is  shown  in  Tnbl«* 

INSTRUMENTATION 

Instnimeuiniion  <*ofi : st of  an  unbonded  ■‘irnin  gn |***  neroli  romefer  nttnrhwl  in  ’he 
loner  riam!i*  (Figure  I)  ami.  in  some  tensile  ami  bending  -train  gag"-  nf Ih<*I»**«I  at  the 

.enters  of  tin*  pi |n*  sections  ami  tin*  couplings.  The  gages  were  |rowered  by  a  carrier  ampli¬ 
fier  which  also  amplified  the  oulpul  signals  from  the  i»air«*--.  A  recording  o-eillograph  pro- 
vidcil  display  of  the  output  signal.  \  signal  from  a  tuning  fork  oscillator  was  •soil  as  a  firm* 
reference. 

The  recordinu  -><iom  had  an  essentially  flat  frequency  response  from  direct  curreni  to 
Toil  op-,  and  the  natural  fundamental  frequency  of  a  sjiocimen  as  suspended  wn-  about 
cp-.  The  drop  le-i  vehicle  was  designed  to  have  a  frequency  several  times  greater  than  that 
of  the  weighted  specimen. 

TEST  RESULTS 

Hornl  failure  occurred  in  each  specimen  tested  to  destruction.-  There  were  no  pipe 
ruptures,  hut  cracking  of  the  coupling  did  occur  in  five  specimens.  When  the  mutrnitude  of 
,|,e  dynamic  force  was  made  sufficiently  great.  joints  foiled  during  the  first  load  ini;.  Other¬ 
wise  two  or  more  force  applications  were  required  for  joint  separation.  In  some  eases,  re¬ 
peated  application  of  approximately  equal  forces  resulted  in  bond  failure. 

For  the  initial  series  of  tests  (joints  with  less  than  about  <10  percent  bond),  permanent 
axial  deformation  of  less  than  about  percent  occurred  in  the  pipe  sections.  For  the  second 
-cries  (joint--  with  than  alum:  <’d!  percent  bond).  permanent  pipe  strains  of  up  to  alniut 
10  percent  axial  and  about  1  percent  circumferential  took  place  am!  were  •■eeonip.anied  by 
permanent  circumferential  coupling;  strains  of  up  to  about  •'!  percent.  I  he  circumferential 
‘‘flaring  out”  of  the  couplin';  was  accompanied  in  five  cases  by  cracking  at  the  reentrant 
corner  in  the  shoulder;  see  Figure'S. 

A  representative  oscillograph  record  from  a  drop  test,  giving  acceleration  of  the  lower 
flange,  and  both  tensile  and  bending  strain  in  the  pipe  is  shown  in  Figure  -I.  As  expected, 
acceleration  anti  tensile  strain  time  histories  are  similar  in  shape  and  are  in  phase.  Pe-ra- 
nent  elongation  of  the  pipe  is  indicated  by  the  zero  shift  in  the  tensile  strain  reeord.  There 
was  also  permanent  deformation  due  to  bending,  indicating  yielding  in  the  pipe  to  relieve  the 
eccentricity  of  the  specimen. 


•H.»ur  1-tn.  unit  t'vo  .t-in.  specimens  were  nnt  tested  to  destruction  tiecmnic  pipe  ends  slipped  excessively  in 
the  retulnlnn  fluny,es.  thus  reducing  the  forces  experienced  by  the  joints. 
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T»l>  1 1*  2  pi  vox  the  height  of  drop,  |»«*ak  acceleration  and  duration,  dynamic  load,  and 
other  pertinent  values  for  on  Hi  drop  test. 

To  present  the  data  front  l-in.  and  3-in.  speeitnenx  together,  plotx  were  made  using 
tensile  stress  in  the  pipe  as  the  ordinates  and  til trason leal ly  obtained  liond  percentages  ns 
the  ahsei'Sae.  Figures  5,  tl,  and  7  give  stress  in  the  pipe  at  failure  of  the  joint,  during'  the 
first  drop,  and  when  it  reaehes  its  maximum  value,  respectively.  Included  for  comparison  in 
Figure  5  are  static  test  data, 2  which  are  also  listed  in  Table  It. 

Representative  values  of  impact  and  roliound  velocities  or  the  drop  vehicle  are  shown 
in  Figure  h.  The  maximum  impact  velocities  required  to  cause  failure  were  alsoit  10  fps  for 
joints  having  less  than  GO  percent  bond  and  about  III  fps  for  joints  having  more  than  G'*  per¬ 
cent  bond. 

Finally,  the  plastic  strain  energy  per  unit  volume  absorbed  by  the  highly  ductile  pipe 
sections  has  been  plotted  against  the  percentage  ol  bond  in  Figure  0,  together  with  compara¬ 
tive  static  test  data. 2  The  strain  energy  was  obtained  by  integration  of  the  area  under  a 
stress-strain  curve  (Figure  10). 

As  a  check  on  the  ultrasonic  measurement?.1  a  visual  estimate  was  made  of  the  Itond 
areas  of  selected  specimens  sifter  the  joints  had  failed.  Table  I  gives  ultrasonics:!;'  and 
visually  obtained  bond  percentages  for  comparison. 

Each  specimen  was  divided  into  "parts”  consisting  of  the  clear  length  of  pipe  be¬ 
tween  flanges,  socket  of  coupling  plus  braze  metal  and  pipe  included  therein,  and  the  barrel 
(remainder)  of  the  coupling.  The  approximate  relationships  among  the  flexibilities  of  the 
“parts”  of  the  specimens  were  calculated  and  are  given  in  Tables  f>  and  C*. 


DISCUSSION  OF  RESULTS 


PERMANENT  STRAINS 


The  drop  tests  induced  several  types  of  permanent  deformation,  namely,  bending, 
axial,  and  circumferential.  The  effect  of  bending  did  not  appear  to  reduce  significantly  the 
ultimate  dynamic  strength  of  any  specimens.  Since  the  pipe  material  is  quite  ductile,  the 
pipe  simply  relieved  itself,  by  yielding,  of  nnv  eccentricity  in  the  specimen. 

On  the  other  hand,  large  permanent  axial  tensile  strain  in  the  pipe  was  significant, 
giving  rise  to  considerable  circumferential  shrinkage  or  “necking  down”  which  extended  to 
the  coupling,  where  the  abrupt  change  in  section  caused  a  severe  strain  discontinuity*.  sc,» 
Figure  3.  While  "necking  down”  of  the  pipe  was  taking  place,  the  coupling  socket  was  ex¬ 
periencing  permanent  circumferential  ter.sile  strains,  i.e,,  "flaring  out.”  due  to  the  eccen¬ 
tric  "lap-joint”  action  of  the  brazed  connection.  “Necking  down”  of  the  pipe  together  with 
"flaring  out”  of  the  coupling  probably  caused  considerable  tensile  stress  between  pipe  and 
coupling  at  the  abrupt,  change  in  section.  Thus,  failure  may  have  occurred  due  to  tensile 
and  shear  stresses  acting  in  combination. 
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Thu."?  it  may  be  seen  (lint.  uncl«*Mirtihl«*  geometry  or  the  couplings  (ami  of  other  similar 
cast  fittings)5  probably  reduces  the  strength  of  hriix.od  joints.  A  revised  coupling  configura* 
lion  which  lucks  some  of  the  deficiencies  present  in  the  existing  design  is  shown  in  Figure 
II  and  includes  the  following  changes: 

1.  Rounding  ail  reentrant  corners  to  decrease  stress  concentrations. 

2.  Increasing  the  thickness  of  the  socket  to  prevent  it*.  "flaring  out." 

:l.  Removing  material  at  the  end  of  the  socket  to  provide*  for  a  more  gradual  change  in 
cross  section  between  pipe  anti  coupling. 

STRESS  IN  PIPE  AT  JOINT  FAILURE 

Since  the  ratios  of  pipe  and  coupling  sectional  areas  to  100  percent  bond  areas  are 
about  the  same  for  1-in.  and  3-in.  pipe  (Table  1),  use*  of  stress  in  the  pipe  as  a  variable  in 
Figures  a,  (5.  and  7  is  justified. 

The  data  of  Figure  ?»  indicate  that  for  joints  having  bonds  of  less  than  40  percent, 
the  dynamic  force  required  to  produce  failure1  was  generally  much  smaller  (often  by  50  per* 
cent)  than  the  static  force. 2  Also,  the  3-in.  specimens  failed  ill  a  lower  static  and  dynamic 
tensile  stress  in  the  pipe  than  did  the  1  -in.  specimens. 

For  joints  having  more  thnn  about  <50  percent  bond,  the  dynamic  forces  required  to 
produce  failure  were  of  the  same  magnitude  as  the  static.  The  3-in.  specimens  failed  at  a 
lower  static  tensile  stress  than  the  t-in.  specimens.  The  dynamic  stress  values  showed 
about  the  same  scatter  as  the  static  values  and  fluctuated  essentially  within  the  extremes 
of  the  latter. 

Pipe  stresses  due  to  initial  drops  are  given  in  Figure  B.  and  the  maximum  values  at¬ 
tained  are  plotted  in  Figure  7.  An  examination  of  Table  2  and  Figures  5  through  7  lead  to 
the  following  observations: 

1.  The  influence  of  a  large  number  of  repeated  loads  on  joint  strength  decreases  as  the 
percentage  of  bond  is  increased.  For  example.  .Joint  1*1.  with  *J0  percent  bond,  withstood 
10  drops  at  pipe*  stresses  of  about  10.000  psi  and  then  IS  drops  at  about  3J.000  psi.  F  lilure 
occurred  as  a  result  of  the  JSMIi  drop  at  a  pipe  stress  of  only  12.000  psi.  On  the  other  hand. 
Joint  1-11(5,  with  SJ  percent  bond,  underwent  50  drops  ai  pipe  stresses  which  gradually  in¬ 
creased  from  about  22,000  to  about  37.000  psi.  The  drop  height  was  increased  for  the  51  -i 
drop,  resulting  in  joint  failure  at  a  pip**  stress  of  about  50,000  psi.  Thus,  a  joint  with  JO 
percent  bond  failed  after  29  drops  whereas  a  joint  with  S2  percent  bond  apparently  remained 
undamaged  after  50  drops  at  greater  forces. 


-•  In  some  eases.  tlicto  is  ii  decrease  ill  I  In*  i|<'\  ■  *|>c m I  dynamic  after  uni;,  n  few 

successive  identical  drops,  i»\ i*li»n«*i n>»  progressive  bond  failure  in  tin-  joint.  There  i-  nn 
increase  in  other  eases.  indicating  strain  hardening  nl  the  (i  n  if  in  My  very  ductile)  pipe,  In 
■Itiinl  i •  .'l,  fur  example.  the  pipe  stress  do,  reuses  from  nlioul  Is. MOO  to  nliuiil  >1000  p-i  fluritij* 
three  1-in.  drops  whereas  in  <loint  l-oo.  there  is  an  i  tali  nil 'on  of  an  iiorea.-e  from  aliont 
•Js.oou  in  about  .‘id. Out)  psi  during  four  •_>-in.  drops. 

A  roughly  linear  relationship  exists  between  the  upper  hound  of  ten-ile  - rr* ■ —  in  the 
pipe  and  the  percentage  of  IniiiiI. 

t.  The  liest  straight  line  fit  to  the  data  of  either  Kigtire  .*>  or  7  would  not  pa-  -  through 
the  origin.  This  phenomenon  probably  results  from  tin*  omission  in  l lie  Pond  peruen'a  •  de¬ 
termination  of  the  lira/.e  metal  in  the  insert  ri ri|»  groove,  at  the  extreme  end  of  1 1;-*  pipe,  and 
iii  the  fillet  at  the  juncture  of  pipe  and  coupling:  see  Kip  tire 

The  scatter  among  t In*  points  in  Ki pares  a.  ti.  and  7  can  probably  he  explained  a- 
follows: 

1.  I  ndotihledh  the  greatest  etuise  of  scatter  is  t In-  lack  of  uniformity  of  the 
nnttiher  arid  magnitude  of  load  application.-  and.  although  perhaps  less  importantly  •••  -pe«-i- 

i:,ei;  geomet  ry . 

■J.  Possible  variation  in  joint  quality  and  errors  in  mea-iiremenl  of  percentage  of  bond. 

It  may  lx*  seen  in  Table  I  that  agreement  between  visual  and  ultrasonic  percentage  of  bond 
is  much  better  for  the  second  series  of  specimens  than  for  the  first.  It  would  appear  that 
ultrasonic  techniques  an-  improving  and  'or  that  higher  bond  percentages  (over  bit)  tire  easier 
to  determine  accurately. 

Krrors  due  to  limbutions  of  instrumentation.  These  tin*  not  mtieh  more  than  -  *•  percept 

I.  Krrors  id  data  reduction.  No  greater  tlitm  those  of  Item 

It  may  be  noted  that  the  tc-t  results  have  not  been  presented  in  terms  of  average  -hear 
stress  in  the  silv er-brazed  joint.  The  average  shear  stress  can  he  obtained  by  dividing  the 
measured  dynamic  load  tiding  on  a  joint  by  its  bond  area.  A  plot  of  bond  shear  ~tn*s-  versus 
percent  bond  would  appear  to  show  that  the  shear  stress  which  tt  joint  can  endure  decrea-es 
with  increasing  percent  bond  rather  titan  being  mnstant  tit  failure,  for  both  static'  and  dy¬ 
namic  loading.  Thus  the  most  important  relat iotiship.  namely,  that  the  load  which  a  joint 
can  support  increases  with  percent  bond,  would  be  distorted. 
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IMPACT  AND  REBOUND  VELOCITIES 


After  initial  collision  with  tin*  impact  plate,  ilic  drop  tost  vehicle  rebounded  several 
times.  Measurements  of  the  lime  intervals  between  success  ive  iiu|incls  of  the  vehicle  showed 
t1'"  magnitude--  of  its  rebound  velocities  to  he  up  to  nlioiit  HO  percent  of  the  initial  impact 
i clot-. ties.  Therefore  the  magnitude  of  the  total  change  in  velocity  of  the  vehicle  was  up  to 
altoui  1.0  times  tluit  of  the  initial  impact  velocity.  Representative  values  of  drop  heights 
and  associated  rehound  velocities  of  the  vehicle  are  given  in  Figure  H.  These  data  indicate 
that  the  tot al  velocity  change  varied  from  up  to  alnait  i5.f»  to  a  maximum  of  alsuil  fps  where¬ 
as  the  i Imp  velocities  ranged  from  about  I.H  to  ahoiil  511  fps.  When  the  impact  velocity  ex¬ 
ceeded  about  Hi  fps.  tin*  rebound  velocity  was  greatly  redueml.  This  phenoinenoi  probably 
resulted  from  the  conversion  of  most  of  the  kinetic  energy  of  the  drop  vehicle  into  plastic 
strain  energy  in  the  impact  plate  and  the  vehicle. 

For  joints  having  less  than  tilt  percent  bond,  the  maximum  impact  velocity  and  change 
in  velocity  requirt'd  to  produce  bond  failure  wen*  about  It)  and  It!  fps.  respectively.  Thus  all 
these  failures  were  caused  by  velocities  not  significantly  greater  than  the  capacity  of  high 
impact  shock  machines. 

For  joints  having  more  than  tit)  percent  bond,  the  maximum  impact  velocity  and  change 
in  velocity  required  for  bond  failure  were  about  .'51  and  5555  fps.  respectively. 

PLASTIC  STRAIN  ENERGY  IN  PIPE 

The  plastic  strain  energy  absorbed  by  the  pipe  per  unit  volume  was  obtained  as  fol¬ 
lows;  First,  measured  dynamic  plastic  -tress-strain  data  were  compared  with  static  data 
(Figure  10)  for  the  pipe  and  found  to  agree  fairly  well.  Next,  the  inelastic  pnrt  of  the  area 
under  the  static  stress-strain  curve  corresponding  to  a  particular  dynamic  load  was  computed. 
This  area  represented  the  plastic  unit  strain  energy  for  the  pipe  and  was  pKltcd  against  per¬ 
centage  of  bond  in  Figure  !)  together  with  similarly  obtained  energy  from  static  tests.2  Ex¬ 
amination  of  Figure  '.)  discloses  the  following: 

I.  For  bond  percentage  between  00  and  M).  the  energy  per  unit  volume  appears  to  be  in¬ 
dependent  of  percent  bond. 

Fora  given  unit  energy,  a  statically  tested  joint  with  only  about  -la  percent  bond  was 
equivalent  to  a  dynamically  tested  joint  with  about  70  percent  bond. 

15.  The  55-in.  pipes  are  capable  of  absorbing  far  less  plastic  unit  energy,  generally,  than 
•ire  tin1  1-in.  pipes. 


The  flexibility  relationships  of  Tables  !>  and  6  have  In-on  included  to  indicate*  which 
“part”  of  a  given  specimen  tends  to  t’Hsorb  the  most  elastic  strain  energy,  this  absorption 
being  directly  proportional  to  flexibility.  Since  the  coupling  flexibility  remains  constant  and 
the  joint  flexibility  varies  but  little  for  a  given  pip**  diameter,  the  proportion  of  the  total  elas¬ 
tic  strain  energy  absorbed  by  the  pipe  is  primarily  a  function  of  its  length. 

Be!  in  these  tests,  the  pipes  underwent  a  great  dea1  of  axial  plastic  deformation.  Why, 
then,  is  the  elastic  flexibility  of  interest?  The  answer  is  that  the  initial  (elastic)  deforma¬ 
tion  of  the  pipe  determined  the  subsequent  course  of  events  -  the  highly  ductile  pipe  merely 
continued  to  deform  plasticr.lly  after  yielding  had  begun,  attracting  to  itself  the  major  pari 
of  the  energy  imparted  to  the  specimen. 

A  reduction  in  length  of  the  pipe  sections  led,  as  may  he  seen  in  Tahle  6,  to  an  in¬ 
crease  in  the  relative  flexibilities  of  the  couplings  and  the  joints.  That  this  change,  in  turn, 
caused  the  joint  to  absorb  a  greater  proportion  of  the  total  energy  is  indicated  by  the  inabil¬ 
ity  of  the  shorter  specimens  to  survive  repeated  loading.  Three  jf  four  specimens  which 
failed  as  a  result  of  one  drop  were  short  specimens,  ranging  in  length  from  20  to  60  percent 
of  that  of  the  usual  specimens;  see  Table  2  and  Figure  6. 

In  general.  the  flexibility  of  the  joint  relative  to  the  total  flexibility  of  the  ;l-in.  speci¬ 
mens  was  between  about  2  and  3  times  greater  than  that  of  the  1-in.  specimens.  Therefore. 

'night  be  argued  that  the  ;5- in.  joint  absorbs  a  greater  proportion  of  the  total  strain  energy 
.r.aiiahle  to  the  specimen  than  does  the  1-in.  joint.  The  relatively  low  values  of  energy 
absorbed  by  the  .‘1-in.  pipes  tip  to  failure  of  the  joint  (Figure  9)  may  he  interpreted  to  support 
this  contention. 

From  the  preceding  discussion  of  plastic  strain  energy,  the  following  observations 
can  be  made; 

1.  In  an  acceptable  joint1  (one  having  at  least  60  percent  bond),  there  is  no  increase  in 
resistance  to  repeated  loading  with  an  in'erease  in  bond  percentage. 

2.  Repeated  static  loads  appear  to  be  less  injurious  than  repeated  dynamic  loads. 

.3.  Repeated  loads  appear  to  be  more  injurious  to  3-in.  than  to  1-in.  joints. 

4.  Ip  a  shipboard  pipe  system,  the  ductile  pipe  serves  as  an  energy  absorber,  deforming 
(plastically  when  shock  input  is  sufficiently  great)  without  being  damaged.  The  greater  the 
pipe  length  between  a  fitting  and  the  imposed  shock  motion,  the  smaller  is  the  probability 
of  joint  failure. 
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POSSIBLE  EFFECTS  OF  BENDING  AND  INTERNAL  PRESSURE 


In  a  shipboard  pipe  installation.  IxXh  bending  and  internal  pressure  can  be  present,  to¬ 
gether  with  axial  tensile  dynamic  loading.  In  a  long  span  of  pipe  subjected  to  bending,  pipe 
yield  would  prevent  significant  bond  shear  stresses  from  developing  in  joints  in  the  span. 
However,  large  joint  shear  stresses  might  be  encoun.eicd  in  short  spans  subjected  to  bending, 
changes  of  direction  (at  elbows,  tees,  crosses,  etc.),  and  at  points  where  fittings  are  sub¬ 
jected  to  impact.  The  tests  described  in  this  report  were  tensile,  not  bending.  But  since 
shear  stress  in  the  joint  can  be  products!  equally  well  by  either  tensile  or  bending  loads,  it 
is  believed  that  the  tests  were  realistic.  Internnl  pressure,  which  was  not  pres-  -,t  in  these 
tests,  would  cause  circumferential  tensile  stress  (25  and  39  percent  of  minimum  required 
yield  strength  in  the  1-  and  3-in.  pipes,  respectively,  for  the  design  pressure  of  700  psi)  and 
axial  tensile  stress  about  half  as  great  in  the  pipe.  The  net  result  might  be  to  decrease  the 
dynamic  load  required  for  joint  failure. 

In  (he  ease  of  explosion  attack  against  a  ship  it  can  be  argued  that  internal  pressure 
is  relatively  unimportant  in  failures  of  valves  and  hull  fittings,  and  that  the  important  factor 
is  the  mechanical  shock  associated  with  the  motions  of  the  hull  as  induced  by  the  explosion 
shock  wave.  It  appears  likely  that  the  same  conclusion  would  apply  to  the  pipe  couplings 
discussed  in  this  report.  Hence,  a  mechanical  test  without  superimposed  internal  pressure 
should  serve  as  a  good  index  of  joint  strength. 

CONCLUSIONS 

The  following  conclusions  for  silver-brazed  pipe  and  fitting  connections  ar“  based  on 
data  from  destructive  dynamic  tensile  tests  of  copper- nickel  pipe3  and  bronze  coupling 
specimens.'*'  5 

1.  Joint  failure  always  occurs  in  the  bond. 

2.  The  dynamic  strength  of  a  silver-brazed  joint  is: 

a.  Considerably  loss  than  its  static  strength  when  bond  percentage  is  less  than 

60. 

h.  On  a  par  with  its  static  strength  when  bond  percentage  is  greater  than  60. 

3.  When  the  bond  percentage  is  greater  than  about  60,  cracking  of  the  fitting  can  accom¬ 
pany  the  bond  failure. 

4.  Cast  bronze  fittings  have  undesirable  design  features,  namely,  abrupt  changes  in  sec¬ 
tional  area  and  sharp  reentrant  corners  which  probably  reduce  joint  strength.  Those  defi¬ 
ciencies  could  bo  remedied. 


a.  Tlx*  indices  associated  with  failures  of  joints  Ionian  loss  than  tilt  percent  bond  aro: 

a.  Bond  fail uros  occur  at  velocity  changes  lying  within  the  range  capacity  of  high 
impact  shock  machines. 

I>.  Permanent  axial  pipe  strains  of  up  to  ultout  :!  percent  at  company  lioml  failure. 
Permanent  strains  in  the  fitting  are  negligible. 

c.  Failure  results  from  shear  stress  in  tin*  bond, 
ti.  For  bond  percentages  above  15(1.  joint  failures  are  associated  with  the  following 
indices: 

a.  Velocity  changes  as  groat  as  :j:l  fps  art*  required  to  produce  bond  failure. 

b.  Bond  failures  are  accompanied  by  permanent  axial  tensile  strains  in  the  pipe 
of  up  to  alHtut  10  percent  anti  permanent  circumferential  tensile  strains  in  the  fitting 
of  up  It)  about  :?  percent. 

c.  Bond  failures  apparently  result  from  combined  shear  anti  tensile  stresses. 

7.  Depending  primarily  on  the  magnitude  of  tin*  dynamic  load,  the  following  types  of 
failure,  listed  in  order  of  decreasing  magnitude  of  dynamic  load,  can  be  expected: 

a.  The  bond  fails  immediately  as  a  result  of  the  first  load. 

It.  The  bond  fails  suddenly,  after  having  survived  several  dynamic  b  ads,  or  grad¬ 
ually.  while  being  subjected  to  repeated  loans. 

s.  The  pipe,  which  is  very  ductile,  is  capable  of  absorbing  tt  large  quantity  of  plastic 
strain  energy,  thereby  protecting  the  joint  Iron  failure. 

RECOMMENDATIONS 

1.  The  current  practice"  of  rejecting  joints  with  less  than  (10  percent  bond  s'  tuld  he 

cumin  ucd. 

■J.  Since  the  type  of  test  described  in  this  report  is  effective  in  evaluating  tin*  dynamic 
strength  of  a  brazen  joint,  it  is  suggt  sled  that  its  use  be  considered  for  testing  other  types 
of  pipe  connections  such  us  welded  joints. 

The  geometric  design  deficienc  ies  of  cast  bronze  fittings  should  be  overcome.  An 
alternative  coupling  design  having  rounded  reentrant  corners  and  gradually  changing  sec¬ 
tional  area  is  shown  in  Figure  II.  The  changes  proposed  in  Figure  II  are  equally  appli¬ 
cable  to  all  similar  cast  fittings.* 
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Figure  3  -  Failed  S-Inch  Specimen 

Joint  Number*  >101  anil  >102  were  aewed  longitudinally. 

Nockinu  down  o(  pip* 

S  Flaring  out  of  coupling  mouth 

Cracking  of  coupling  at  reentrant  comer  of  ahoulder 

Abrupt  change  in  croaa  aection  at  juncture  of 
pipe  and  coupling 

Complete  bond  failure 
Incomplete  bond  failure 
Kalri  bond  area  -  filial 
Kaira  bond  area  in  brave  metal  groove 
Eatra  bond  area  at  end  of  pipe 


13 


SPECIMEN  1-7  ANO  l-S.  DROP  NO.  9(2  9  IN) 


Fiiruw  4  -  Typical  Record  of  Tennile  Strain.  Acceleration,  and  Bend  in*  Strain 


KKCCMT  «OM0 


I‘i*ur**  5  -  Pi|n*  Sm**«t  ai  Bond  Failure 

{*»*«»:  im»Wi  tiw  tvft  ul  «r«W.l  HHkiMfi  wfettfe  )«uM  Utlri 

i.  N uwtfeet ■  lu  itir  itteM  *1  »v»fe»l  m4uete  meat  4mp>  *««  nuale  aatl  iKc 
«t«M  (w  Ik*  TWi  >M  i»«mw  lkn>  Un**.  Ifco  tm«i>  *!*•»» 

bi  «k*  Ikm  feet  A*  Mt  ktu. 

S.  Tfee  IttHK  **C**  ifekttiM  ciwkint  •!  vvapiuttf. 

4.  7  fee  i*ii  rHtlltl  lute*  m*  :>t  Wfatim  atm  Kt«w*i  4  tfe»>»t**fe  7. 


Pifurv  •  -  Pip*  daria*  Drop 

*•  *•"  ***•»  *•»•••  »*»•*  i«iIW  hw»  M*U  «M*>  lUHM  kH.  MM 

AM  ImIhh  MfW  *•**•»  Imw  toM  pUW»A 
J.  MMkw  »  *.«•  h*l»* 

1  Th*  •«•  hn(I»I  Itwi  m»  Im  --- t-fng  F-0-tfr-  1  I^rruji  /. 
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5  percent  of  N  is  permit'ed  py  present  spec,  for- 
rann  in  braze  metal  insert  ring  groo  e.Revise 
spec  to  reauire  radi.  -  66  percent  ol  d  i0  03  " 
m  this  casei 

Detail  C 

Scale  0  10" 


^Remove  Materia 
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An  auxiliary  brazing  meta' 
insert  ring  could  tie  used 
here  for  extra  st'ength. 


Results  of  Changes 
Increase  in  weight  of  coupling  ”  P J 
Increase  in  maximum  diameter  ol  coupling  ' 


Figure  1 1  -  Proposed  Coupling  Design  Changes 

A  l-in.  coupling  htn  been  choeen  for  purposes  of  ttluntration. 
The  changed  are  applicable  to  other  similar  fittings,  vie.,  elbows, 
crosses,  and  tees. 


TABLE  1 


Dimensions  and  Areas  of  Pipe  und  Couplings 


t- 1?4 


Miihmu*  trffptfJt. 
fifitnri  S'dr 


TABLE  * 

Pipe  Loads  at  Bond  Failure  -  Static  Test  Data 


TABLE  4 

Comparison  of  Cltrasonicnlly  und  Visually  Obtained  Bond  Percentage 
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TABLE  5 

Flexibilities  of  “Purls”  of  Specimens 


Characteristic 

Pipe  Sue 

Pipe 

Coupling  Banel 

Joint 

Length 

L, 

Cleat  Length  ol 

Ln 

Length  ol  Coup- 

l, 

Depth  ol  Socket 

Pipe  Section 

ling  Barrel 

2M  ■  N 

'See  Table  , i  1 

' 

'See  Table  li 

1*1(1. 

4.50  m. 

1.94  in. 

0.44  m. 

1-in. 

?.50  m. 

1.94  in. 

0.44  in. 

l*i  n. 

fl 

1.94  m. 

0.44  in. 

tin. 

3. 16  in. 

2.35  m. 

0.83  m. 

Are.’ 

Ar 

Sectional  Aiea  ol 

An 

Sectional  Aiea  ol 

A 

Sectional  Aiea  ot 

Pipe 

Coupling  Battel 

Socket  -in.i 

i See  Table  1. 

'See  Table  li 

'See  Table  1 

G-i 

4  s 

l-«n. 

0. 36  in.- 

'1.1(2  in.-' 

0.73  in.* 

3- in. 

1.73  m.-' 

3.88  in.-’ 

B 

3,6 1  m.- 

Suilace  Aiea  ol  Bone 
'See  Table  1  Per¬ 
cent  Bond  ■  IOC  Per¬ 
cent  Bond  A'ea 

Clastic  Modulus 

E,, 

Tensile  Modulus 

E 

Tensile  Modulus 

G 

Shear  Modulus  ol  Bed 

■  Minimuffl' 

.  m 

.  16 

' assumed- 

in 

22  ■  10“  — 

13  ■  10“  — 

5-  1C"  — 

in* 

in* 

m» 

Flexibility 

1 

t 

Ff  Pip*  Fidelity 

21 

F(,  Flenbility  -t 
Coupling  Batter 

F(  Joint  Flexibility 

Apcronr  Jtf  ■ 

i 

1 

i  A 

p  p 

EpV  Ee\  ‘  GB 

[■•n. 

m 

us  -  10-  77 

. in 

0.182-  10  *  77 

C.I6 

*  17.41  *  4.3SU  ’  1 

1-H. 

0.63  •  10  “  77 

0.182  ■  10"’  77 

do 

i*  lit. 

c 

0.112-  10'"  77 

do 

3*m. 

0.166  -  10'”  77 

0.046S  •  10  *  77 

l.li 

S6.1  -  31. Ill 

*TIm>  apprenaalt  upituiM  utlxdei  Hm  ttftcls  «l  p<p*  Md  h rn  *tUI  leolndW  mithix  udil 
M  tMuK  Ml  b*  eonsiSwM  valid  hi  ulMI  «l  M'CMl  MM  b*l««  A*avl  S. 
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IJ  ABSTRACT 

Destructive  dynamic  load  tests  were  conducted  on  specimens  of  copper-nickel  pipe  joined  to 
bronze  couplings  by  Grade  II  silver-ltrnze  alloy  Itonds.  The  liond  areas  varied  from  '.)  to  Sa  percent 
of  the  total  surfaces  available  for  lionding. 

Every  failure  occurred  in  the  liond.  Cracking  of  the  coupling  sometimes  accompanied  bond  fail¬ 
ure.  In  no  case  was  there  rupture  of  the  pipe.  Since  many  joint  failures  apparently  were  influence 
by  a  coupling  geometry  with  abrupt  changes  in  cross  section,  a  modif'cd  coupling  design  is 
proposed. 

The  dynamic  forces  required  to  produce  fniluro  of  silver-brazed  joints  having  less  than  40  per¬ 
cent  bond  were  considerably  smaller  than  statu*  failure  loads  in  tests  conducted  elsewhere  on  sinv 
ilar  specimens.  For  joints  with  more  than  about  fit)  percent  hoed,  the  dynamic  force  values  were  o 
the  same  magnitude  as  the  static  loads. 

Joints  having  more  than  00  percent  bond  failed  only  after  considerable  elongation  of  the  pipe. 
For  suffic'  i.tly  great  initial  dynamic  foree.  joint  failure  occurred  immediately:  otherwise  two  or 
more  loadings  were  required.  Impact  ocitics  associated  with  joint  failures  ranged  from  alx>ut 
1.0  to  about  31  fps. 

It  appears  that  the  current  practice  of  rejecting  joints  having  less  than  00  percent  bond  is  justi- 
fi<*d  for  dynamic  loading. 
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